Abstract Substantial evidence supports a role for the reninangiotensin system (RAS) in the regulation of metabolic function, but an apparent paradox exists where genetic or pharmacological inhibition of the RAS occasionally has similar physiological effects as chronic angiotensin infusion. Similarly, while RAS targeting in animal models has robust metabolic consequences, effects in humans are more subtle. Here, we review the data supporting a role for the RAS in metabolic rate regulation and propose a model where the local brain RAS works in opposition to the peripheral RAS, thus helping to explain the paradoxically similar effects of RAS supplementation and inhibition. Selectively modulating the peripheral RAS or brain RAS may thus provide a more effective treatment paradigm for obesity and obesity-related disorders.
BMI of less than 18.5 and greater than 30 are both associated with increased mortality relative to normal-weight subjects [24] . Lean hypertensive subjects of both genders are at greater risk of ischemic heart disease and cardiovascular disease than obese hypertensive subjects [9] . Hammond and Levine estimated that in 2010 the annual aggregated costs to the USA from obesity were in excess of $215 billion [34] . The American Diabetes Association estimated that the annual costs of diabetes to the USA in 2007 were over $174 billion [4] .
Only one therapeutic compound is currently approved for the long-term treatment of obesity in the USA. Orlistat (Xenical), a pancreatic lipase inhibitor, reduces intestinal fat absorption efficiency and thereby reduces caloric intake [35, 53] . This drug was first approved for use by the Food and Drug Administration in April 1999 and, when combined with dietary and physical activity interventions, induces around a 10 % reduction in body weight over 1-2 years, and modest reductions in fasting blood glucose and serum cholesterol are also observed [35, 73] . Compared to placebo (dietary and physical activity alone), most studies have demonstrated the relatively small average weight loss of approximately 3 kg over 12 months of orlistat treatment [35, 73] . Other therapeutic compounds have been utilized for human obesity, and most of these drugs target the suppression of appetite. Compounds such as desoxyephedrine (methamphetamine), phenmetrazine, phentermine, diethylpropion (amfepramone), phendimetrazine, benzphetamine, mazindol, fenfluramine, fenfluramine/phentermine (fen-phen), sibutramine, and rimonabant have all been previously approved by the FDA and have subsequently been removed from the market or are only used for short-term (around 12 weeks) weight loss objectives due to the recognition of serious and harmful side effects and the potential for addiction and/or abuse [35, 53] . Interestingly, the side effects that have resulted in the discontinuation of many of these anti-obesity medications have frequently been related to an increased risk of cardiovascular complications, underscoring the overlap in physiological mechanisms regulating metabolic and cardiovascular function.
Why the renin-angiotensin system?
The renin-angiotensin system (RAS) has long been studied for its involvement in cardiovascular regulation. This peptide hormone system is present both in the circulation, where it acts as a traditional hormone system, and within individual organs and tissues, where it acts in a paracrine/ autocrine fashion. The kidneys, adipose, pancreas, liver, brain, heart, and many other tissues express many or all of the components of the RAS [25, 45] .
In addition to its importance for blood pressure control, the RAS is suspected to contribute to the regulation of resting metabolic rate, glucose homeostasis, and other key metabolic parameters [50] . Adipose mass positively correlates with RAS activity, and RAS gene expression correlates with the severity of obesity in both humans and animal models [22, 28, 47] . Circulating angiotensinogen (AGT), renin, angiotensin converting enzyme (ACE), and aldosterone levels are increased in obese humans [6, 15, 19, 54] , and weight loss reduces or normalizes them [19] . Men fed high-fat diets for 2 months exhibited increased ACE, AGT, aminopeptidase A, and neprilysin expression in subcutaneous white adipose (WAT) [3] . Weight loss in humans is associated with reduced serum ACE activity, and body weight regain is lower for individuals with greater reductions in ACE [74] . Further, adipose-specific overexpression of AGT in mice leads to obesity [47] , and AGT knockout prevents diet-induced obesity [48] . These observations generally support the concept that adipose produces or stimulates the RAS. Indeed, adipose tissue expresses all components of the RAS [41, 65, 84] . AGT is expressed by adipocytes in animals and humans and contributes to circulating levels [47] . Renin, ACE, ACE2, and the various RAS receptors AT1, AT2, AT4 (insulin-regulated aminopeptidase), and Mas are also all expressed by preadipocytes and mature adipocytes, though the relative expression of each changes during adipocyte differentiation [16, 17, 75] .
While cardiac tissue levels of renin protein strongly correlate with plasma levels, adipose renin levels do not correlate with plasma levels, and adipose renin levels are maintained at a higher concentration than in plasma [26] . This suggests specific, plasma-independent control of adipose renin concentrations, perhaps through an adiposespecific mechanism of renin gene expression. An alternative hypothesis that would need experimental validation is that the expression of the (pro)renin receptor (P)RR in the stromal fraction of adipose tissue acts to concentrate renin protein within the adipose tissue [1] . Interestingly, the expression level of the (P)RR varies by adipose bed-with visceral adipose expressing higher levels of (P)RR than subcutaneous adipose [1] . Perivascular brown adipose (BAT) expresses more (P)RR than mesenteric WAT, but expresses lower levels of AT1A, AT2, and chymase (possibly ACE) and exhibits lower angiotensin (Ang) II concentrations compared to mesenteric WAT [27] . What remains unclear is whether the abundance of (P)RR within adipose tissue reflects (or determines) a differential dependence of adipose RAS activity on plasma renin abundance.
Angiotensinergic signaling within adipose tissue has multiple consequences, depending on the cell type and receptor type that are examined. Endogenous Ang II enhances evoked release of norepinephrine from nerves innervating BAT [11] , and chronic exogenous Ang II alters BAT sympathetic nerve kinetics to increase norepinephrine release [20] ; these effects are mediated through the AT1 receptor. The effects of AT1 versus AT2 receptor stimulation on adipocytes are extremely dynamic, with effects differing based upon the setting (in vitro vs. ex vivo vs. in vivo), the developmental phase (preadipocytes vs. adipocytes), and the relative expression of various RAS receptors (AT1 and AT2, at least, are strongly regulated in adipocytes by various hormones and stimuli) (reviewed in [21, 29, 50, 72, 84] ). Thus, it is reasonable to conclude that adipocytes in vivo are sensitive to Ang II through both AT1 and AT2 receptors, but our understanding of the exact function (s) of each is currently rather muddled. Moreover, given the well-established link between sympathetic discharge to BAT and thermogenesis, one could reasonably hypothesize that one of the mechanisms by which Ang II modulates BAT thermogenesis is by facilitating neurotransmission.
To determine the directionality of the RAS/obesity correlation and to examine the functions of RAS signaling in vivo, many knockout, transgenic, and pharmacological studies have been performed to either interfere with, or stimulate, the RAS. These studies have consistently demonstrated the involvement of the RAS in the regulation of adipose morphology and function, and whole-body metabolism.
RAS interference

Angiotensin production
Reduced production of angiotensin peptides tends to decrease body mass in rodents. Takahashi [71] determined that global genetic knockout of renin resulted in lean mice that were resistant to weight gain on a high-fat diet, due to both an increase in metabolic rate and reduced intestinal absorption of fat. This was reversed by exogenous angiotensin delivery demonstrating the lean phenotype was due to a loss of Ang peptides and not just renin per se. This finding is supported by pharmacological studies showing that chronic renin inhibition with aliskiren reduced body weight gain, adiposity, and plasma leptin levels in a C57BL/6J mouse model of diet-induced obesity [69] . Similarly, aliskiren prevented selected features of the metabolic syndrome that are induced by a high-fructose diet in SD rats [13] .
Like renin deficiency, global knockout of AGT resulted in small, lean mice that were resistant to weight gain on a highfat diet [48] . Mechanistically, this was due to altered adipose development, decreased lipogenesis, and increased locomotor activity. Global knockout of ACE also resulted in small, lean mice, in this case in response to increased basal metabolic rate and lipolysis [39] . Like the renin inhibitor studies, chronic pharmacological inhibition of ACE with perindopril reduced body mass and reduced adiposity [51] , and when administered from birth caused large reductions in fat mass [76] . Likewise, chronic delivery of enalapril to young rats resulted in reduced body mass regardless of diet, concomitant with a reduction in food intake [62] . The beneficial weight-reducing effects of ACE inhibitors are independent of age as the delivery of enalapril to old rats resulted in retention of physical performance measures and reduced adiposity [10] .
Some human studies also support a role for the RAS in metabolic regulation. Ang II infusion causes reduced lipolysis and glucose uptake in healthy young men [7] . ACE inhibition via enalapril can amplify the beneficial metabolic effects of weight loss [49] , and some studies suggest that perindopril may be more effective than enalapril in regulating metabolic function in humans [43] .
The studies discussed above suggest that inhibiting the production of Ang peptides could attenuate weight gain or cause weight loss associated with high-fat feeding. What remains unclear, however, is whether this is caused by a reduction in circulating versus adipose Ang II. Indeed, one weakness of global knockout and pharmacological studies is that they cannot distinguish between the systemic effects of RAS inhibition and the adipose-specific effects. Complicating this analysis are findings that adipose AGT can contribute to plasma AGT which will affect both systems. Yiannikouris [80] recently demonstrated that adipose-specific knockout of AGT in mice resulted in a reduction in plasma AGT levels with a concomitant reduction in blood pressure. Although this reduction in adipose and circulating AGT demonstrates a role for adipose AGT as a contributor to the plasma pool of AGT and to blood pressure regulation, there were, perhaps surprisingly, no effects on body weight or adiposity. It remains possible that the modest (∼25 %) reduction in circulating AGT preserved sufficient Ang II substrate to maintain normal adipose function. As an alternative to adipose-specific AGT deficiency, Massiera [47] and Yvan-Charvet [83] reported that adipose-specific overexpression of AGT on either a global AGT-deficient or wildtype genetic background increased body mass and adiposity. This suggests that increased activity of the adipose RAS may have detrimental effects on body weight regulation. This conclusion is supported by reports that Ang II can modulate adipogenesis, though considerable controversy exists regarding the specific actions of Ang II as conflicting results are observed across species, adipose beds, and model systems [38, 40, 52, 55, 70] . Clearly, a paradox exists; Ang II can facilitate neurotransmission to BAT and thus increase thermogenesis, while (in some models) simultaneously increasing white adipose mass. Consequently, fully understanding and uncovering the relative importance and the molecular mediators of these two disparate mechanisms will be essential to translate these results into the clinic.
Angiotensin actions
Interference with RAS receptors has varied effects depending on the receptor. Zanchi [85] showed that AT1 receptor blocker (ARB) telmisartan reduced the weight gain typically induced by pioglitazone (a PPARγ agonist) treatment, most likely through a reduction in food intake. Whereas valsartan, another ARB, treatment had no protective effect against weight gain on a "western" diet, it prevented the inflammation and impaired glycemic control associated with this diet [14] . Likewise, chronic delivery of candesartan cilexetil reduced body mass and adipocyte size [86] . Global knockout of AT1A receptors resulted in the attenuation of weight gain and adipose deposition during high-fat feeding due to an increase in metabolic rate, consistent with the results of AT1 receptor inhibition [42] . In contrast, global knockout of AT2 receptors had no obvious effect on adipose pads, but greatly changed their cellular morphology toward a larger number of smaller adipocytes and increased skeletal muscle utilization of fatty acids [82] . Iwai [37] determined that AT2 receptor knockout on the ApoE knockout background had minor baseline effects, but resulted in accelerated adipose mass gain (and hypertrophy of adipocytes) compared to ApoE knockouts when the mice were maintained on a high-cholesterol diet. Interestingly, AT2 receptor knockout prevented the metabolic abnormalities of mice with adipose-specific AGT overexpression suggesting, like for blood pressure, a counter-regulatory circuit between AT1 and AT2 receptors in metabolic regulation [83] . Furthermore, Santos [63] determined that global knockout of Mas receptors (the receptor for Ang- (1-7) ) has a complex effect on body composition, including an increase in abdominal fat mass, and decreased glucose tolerance and insulin sensitivity.
Stimulating or supplementing the RAS
Systemic application
Supplementation of the RAS has been achieved through delivery of exogenous peptides, interventions that stimulate endogenous RAS activity, and transgenic expression of RAS components. Through the inherent site specificity of RAS activation in these models, it has become clear that the actions of the RAS to modulate metabolic function depend not only on the RAS component targeted, but also on the site of action.
The effects of chronic exogenous Ang II delivery to the periphery have been evaluated in rodents. Cassis [12] determined that chronic low-dose subcutaneous infusion of Ang II resulted in weight loss. Using a pair-feeding paradigm, the authors determined that approximately 63 % of the weight loss was due to a reduction in food intake by the animals. Brink [8] also demonstrated body weight loss with Ang II infusion, and the mechanism again included both reduced food intake and increased catabolic metabolism. The suppressed food intake in mice associated with either peripheral (subcutaneous) or central (intracerebroventricular) infusion of Ang may be mediated through the suppression of hypothalamic neuropeptide Y and orexin expression [81] .
Perhaps one of the most surprising and inexplicable results were obtained by Gratze who reported that transgenic rats overexpressing human renin exhibited hyperphagia and developed obesity and insulin resistance [30] . The mechanism of the hyperphagia is unclear as ACE inhibition, renin inhibition, and (P)RR blockade all failed to reverse the phenotype, and none of the known hypothalamic mechanisms for feeding control were altered. Additionally, since human renin on its own does not catalytically cleave rat AGT, an Ang II-dependent mechanism must be questioned.
Brain-specific application
The effects of chronic exogenous Ang II delivery directly to the brain have also been evaluated in rodents. Porter [59] determined that in young rats, chronic infusion of Ang II into the lateral cerebral ventricle resulted in reduced body mass compared to both ad libitum and pair-fed controls, leading to the conclusion that metabolic rate must have increased in the animals. The same researchers also demonstrated similar results in adult rats [60] .
Using a unique transgenic animal model of brain-specific RAS hyperactivity previously developed to study water and electrolyte homeostasis [61] , we have also investigated the role of the brain RAS in the control of metabolic rate. Mice expressing a human renin transgene under transcriptional control of the neuron-specific synapsin promoter ("sR" mice, [56] ) were bred with mice expressing a precisely regulated human AGT transgene ("A" mice, [67, 68, 79] ). Because of the tight species specificity of the renin-mediated cleavage of AGT to form Ang I, single-transgenic parents and littermates are phenotypically normal, but double-transgenic offspring ("sRA" mice) exhibit an elevation of Ang peptide formation anywhere the two transgenes are both expressed. We determined that this elevation was grossly limited to the hypothalamus and lamina terminalis of the brain [32] . Not only was RAS hyperactivity limited to portions of the brain, but we also observed a significant suppression of the circulating RAS. As expected based upon previous studies into the cardiovascular and hydromineral effects of brain RAS activity, sRA mice exhibit robust hypertension, polydipsia, sodium intake, and polyuria.
Surprisingly, these animals also exhibited an extremely lean phenotype that was mediated entirely through an elevation in resting metabolic rate [32] . This elevation in metabolic rate was mediated through both an elevation in sympathetic nervous activity and the suppression of the peripheral RAS, as peripheral delivery of either the beta-adrenergic blocker propranolol or Ang II could both independently normalize the metabolic rate increase in sRA mice. Work from de Kloet [18] also supports a role for the brain RAS in metabolic control, as chronic infusion of Ang II into the lateral cerebral ventricle of Long-Evans rats resulted in increased thermogenesis. Interestingly, the rats also exhibited reduced food intake, which correlated with increased hypothalamic expression of agoutirelated peptide, proopiomelanocortin, corticotropin, and thyroid-releasing hormone. Similar experiments from Yoshida [81] showed that central infusion of Ang II suppressed neuropeptide Y and orexin expression, which also correlated with suppressed food intake. Thus, it is clear that chronic elevations of RAS activity within the brain result in increased thermogenic energy expenditure. Variable effects are observed on food intake behavior, depending on method of delivery, time course, etc., and further studies of the anorexic effects of brain Ang are obviously needed.
Using a different double-transgenic mouse model of global, but not brain-specific, RAS hyperactivity (the "R+/A+" model), we determined that a whole-body elevation in Ang levels resulted in increased interscapular BAT sympathetic nervous activity (SNA), but no significant changes in body mass, adipose mass, or food intake. Figure 1 shows a comparison of body and adipose masses, food intake, and BAT SNA in R+/A+ (elevated circulating RAS activity) versus sRA (suppressed circulating RAS activity) mice, compared with their own littermate controls. These data underscore the importance of the circulating RAS in setting resting metabolic rate, as despite the maintenance of elevated BAT SNA (as observed in sRA mice), elevated peripheral RAS activity apparently prevents the development of an increased resting metabolic rate in R+/A+ mice. This prompts an interesting hypothesis that the peripheral (circulating and/or adipose) RAS acts as a gain control on the metabolic responses to sympathetic stimulation.
Independent evidence for a role of the brain RAS in the regulation of metabolic rate was provided by the deoxycorticosterone (DOCA)-salt model of hypertension, which also exhibits a suppression of the circulating RAS. In this model, animals are treated with chronic delivery of deoxycorticosterone acetate and are allowed ad libitum access to 0.15 M NaCl drink solution in addition to standard chow and tap water. The development of hypertension in this model can also be accelerated if the animals are uninephrectomized, but this is not required for any of the phenotypes in the model [31] . Chronic delivery of the ACE inhibitor, captopril, to the lateral cerebral ventricle resulted in both the prevention and reversal of hypertension in the DOCA-salt model, suggesting a requirement for Ang II synthesis within the brain [36] . Kubo [44] and Park [58] also reported similar results using the AT1 receptor antagonist, losartan, implicating a requirement for Ang II receptor activation. Together, these data highlight the dependence upon brain RAS activity for the cardiovascular effects of the DOCA-salt model. We subsequently determined that DOCA-salt-treated mice exhibit a robust elevation in resting metabolic rate [31] , much like the sRA transgenic model (Fig. 2) . Importantly, this increase was dependent upon the brain RAS as chronic delivery of losartan to the lateral cerebral ventricles significantly attenuated this elevation.
It is notable that the reversal of metabolic rate increases in the brain-specific sRA model through chronic replacement of peripheral Ang II required 8 weeks of infusion-a stark contrast against the normalization achieved by propranolol within a few minutes of injection [32] . This leads us to hypothesize that the function of the peripheral RAS as a gain control on thermogenesis may occur through the modulation of the morphology of adipose tissue. Indeed, various groups have determined that AT1 and AT2 receptors differentially contribute to cellular functions in adipose tissue [84] . Preliminary data presented by the Cassis lab at the 2011 American Heart Association Council for High Blood Pressure Research conference demonstrate that adiposespecific knockout of AT1A receptors in C57BL/6 mice had no effect on the weight gain or glucose intolerance induced by a high-fat diet [84] . Combined with the previous work from Yvan-Charvet [82, 83] and Iwai [37] more Fig. 1 Metabolic phenotypes of "R+/A+" mice with global transgenic hyperactivity of the RAS, compared to "sRA" mice with brain-specific hyperactivity of the RAS. a Body mass, b food intake, c perigenital white adipose (pgWAT), d interscapular brown adipose (iBAT), and e sympathetic nerve activity (SNA) to iBAT. *P<0.05 vs. littermate controls Fig. 2 Major metabolic and cardiovascular phenotypic overlaps between "sRA" mice with transgenic brain-specific RAS hyperactivity and mice treated with DOCA-salt. a Food intake, b total fluid intake, c systolic blood pressure (SBP) averaged during the dark phase of the light-dark cycle, and d metabolic rate as estimated by indirect calorimetry at thermoneutrality (30°C). *P<0.05 vs. littermate controls directly implicating the AT2 receptor in the regulation of adipose morphology, we hypothesize that circulating or adipose angiotensin may function as a gain control on metabolic rate through a mechanism involving adipose AT2 receptors, and experiments to directly test this in sRA mice are in progress.
Metabolic control by the brain RAS
Data from our group and many others support the existence of a brain RAS (reviewed in [23, 33] ) and a role for this local brain RAS in the control of metabolic rate [18, 31, 32, 59, 60] . The identification of the RAS components involved, the cell types and brain regions involved, and second-messenger mechanisms are all the focus of ongoing work.
It is reasonable to hypothesize that the contributions of the brain RAS to metabolic control must simultaneously take place in regions where RAS components-especially Ang receptors-are expressed. Further, because we have previously demonstrated a causative role for the sympathetic nervous system in the metabolic consequences of brain RAS activity [31, 32] , these regions will likely be known for contributing to thermoregulatory sympathetic nervous system control (reviewed in [57] ). Finally, based on our observations that the circulating and/or adipose RAS is suppressed by the brain RAS [31, 32] and that normalization of blood pressure also normalizes renal renin expression [31] , we hypothesize that regions of the brain which regulate blood pressureincluding both premotor sympathetic regions and sympatheticindependent regions (such as vasopressin-producing regions)-may also mediate the metabolic effects of the brain RAS.
Generation of RAS peptides within the brain appears to be mediated through two different isoforms of renin. The mRNA transcript that encodes the classic renin isoform (secreted renin, or sREN) includes a signal sequence that targets the resulting protein into the cell's secretory apparatus. We [66] and Lee-Kirsch [46] previously identified a novel mRNA variant of renin that includes an alternate first exon, and thus an alternative promoter. Translation of this alternate mRNA transcript results in a protein that lacks the signal peptide but includes all the remaining components of the renin enzyme, and thus, the resulting protein should be targeted to the cytoplasm instead of the cell's secretory apparatus. The transcript for this alternate, intracellular renin enzyme (icREN) is expressed primarily in adult brain tissue [78] and may therefore help explain the complex biochemistry of the brain RAS and a mechanism for the generation of RAS peptides for use as neurotransmitters [33] . sREN and icREN are independently regulated at the mRNA level, as DOCA-salt treatment results in a strong induction of sREN and a possible suppression of icREN expression (Fig. 3) . Selective knockout of sREN (while retaining icREN) throughout the body results in the same severe developmental problems that occur with the deletion of all renin isoforms [78] . Selective knockout of sREN specifically within neurons and glia, however, does not impact baseline blood pressure, heart rate, hydromineral balance, or metabolism [77] . Together with the Fig. 3 Relative expression of mRNA transcripts for secreted (sREN) and intracellular (icREN) isoforms of renin within brain tissue. Adult male C57BL/6J mice were treated for 3 weeks with DOCA-salt or sham treatments before analysis of mRNA transcripts within brain homogenates. N020 each group. *P<0.05 vs. sham Fig. 4 Working model. Increased activity of the brain RAS results in the activation of two major efferent signaling mechanisms: arginine vasopressin (AVP) and the sympathetic nervous system. Elevated sympathetic nervous activity (SNA) results in a direct stimulation of thermogenesis and, together with AVP, an elevation in blood pressure. Elevated blood pressure suppresses renal renin production and subsequently the activity of the peripheral (circulating and possibly adipose) RAS. Suppressed peripheral RAS activity results in increased recruitment of adaptive thermogenic mechanisms, resulting in increased total thermogenic capacity. Together, increased capacity for-and stimulation of-thermogenesis results in elevated catabolic metabolism observation that complete global knockout of all renin isoforms has potent metabolic consequences [71] , these data are consistent with roles for both peripheral sREN and brain icREN in metabolic rate control. We have recently developed a selective knockout of icREN, and ongoing studies are aimed at identifying the cardiovascular, hydromineral, and metabolic consequences of this maneuver at baseline and following DOCA-salt treatment. Further, because DOCA-salt induces sREN, we are examining the effects of neuron-and glia-specific knockout of sREN on the various phenotypes induced by DOCA-salt treatment.
Summary, proposed model, and perspectives
In summary, the RAS plays many roles in the regulation of metabolic function, but these actions vary widely based upon the site of action and receptor type. Therapeutic interventions that specifically target individual receptor types within specific organs may thus represent an ideal therapy for obesity and obesity-related disorders. Importantly, targeting of the RAS should result in altered thermogenic energy expenditure-a novel therapeutic paradigm when compared to the litany of failed appetite-suppressing paradigms. In Fig. 4 , we summarize our working model for the mechanisms by which the brain RAS regulates resting metabolic rate. Using a combination of transgenic (sRA) and pharmacological (DOCA-salt) models of elevated brain RAS activity, we have determined that brain Ang activates both a direct thermogenic stimulus mechanism through the promotion of sympathetic nervous drive to adipose tissues and an indirect thermogenic capacity-regulating mechanism that is mediated through modulation of blood pressure and subsequently the peripheral (circulating/adipose) RAS.
Balancing cardiovascular and metabolic risks
Americans have consumed approximately 3,500 mg of sodium per day for at least the last half century, down from intakes approaching 20 g per day before the widespread use of refrigeration for food storage [5, 64] . In humans, daily sodium intakes less than 3,000 mg result in significant elevations in RAS activity [2] . Despite this, the USDA and Institute of Medicine have recommended that the adult population reduce daily sodium intake to 2,300 mg (or 1,500 mg for saltsensitive hypertensives) in an attempt to reduce hypertension and related disorders. As hypothesized by Satin [64] , should we expect a robust elevation in RAS-dependent pathologies (including metabolic disorders) across our population as these dietary changes are forced upon us? Clearly, understanding the role of the RAS in metabolic regulation is more important than ever.
